Abstract: Three Schiff-base hydrazones (ONN -donors) were prepared by condensation of 2-amino-4-hydrazino-6-methylpyrimidine with 2-hydroxyacetophenone, 2-methoxybenzaldehyde and diacetyl to yield 2-OHAHP, 2-OMeBHP and DHP, respectively. The structures of these ligands were elucidated by elemental analysis, UV, IR, 1 H-NMR and mass spectra. The metal-ligand stability constants of Mn 2+ , Fe 3+ , Co 2+ , Ni 2+ , Cu 2+ , Zn 2+ , Cd 2+ , UO 2 2+ and Th 4+ chelates were determined potentiometrically in two different media (75 % (v/v) dioxane-water and ethanol-water) at 283, 293, 303 and 313 K at an ionic strength of 0.05 M (KNO 3 ). The thermodynamic parameters of the 1:1 and 1:2 complexes were evaluated and are discussed. The dissociation constants of 2-OHAHP, 2-OMeBHP and DHP ligands and the stability constants of Co 2+ , Ni 2+ and Cu 2+ with 2-OHAHP were determined spectrophotometrically in 75 % (v/v) dioxane-water.
INTRODUCTION
The importance of pyrimidine derivatives arises from their biological, medicinal and agricultural applications. 1 Uracil (2,4-dihydroxypyrimidine) and thiamine (5-methyluracil) have biological importance in metabolism because some of their derivatives are building blocks for RNA and DNA. 2 5-Fluorouracil is a drug which is available for colon, rectum and breast tumors. 3 Also, transition metal complexes of pyrimidine play an important role in the catalysis of drug interactions. 4 These findings stimulated our interest in a previous paper 5 to isolate and characherize some mono-, binuclear and mixed metal complexes of one Schiff-base hydrazone; 2-amino-4-[a-(2-hydroxyphenyl)ethylidene hydrazino]-6-methylpyrimidine (2-OHAHP).
In the present study, these investigations were extended to the stability constants and the thermodynamic parameters of complex formation of 2-OHAHP and other related ligands; 2-amino-4-[a-(2-methoxyphenyl)methylidenehydrazino]-6-methylpyrimidine (2-OMeBHP) and 2-amino-4-[a-(acetyl)ethylidene hydrazino]-6-methylpyrimidine (DHP); (Scheme 1). The mass spectra showed molecular ion peaks at m/e: 257.1 (27.82 %), 257.1 (21.58 %) and 207.1 (5.35 %) corresponding to the molecular weights of the 2-OHAHP, 2-OMeBHP and DHP ligands, respectively. Also, the base peaks were observed at m/e: 91, 124.1 and 164, respectively. No meta-stable ions were observed in any of the mass spectra.
The electronic absorption spectra (UV-Vis) of the organic ligands in 75 % (v/v) dioxane-water displayed three bands: (i) l 1 (318-345 nm); e 1 (5240-19480) is associated with intramolecular charge transfer interaction involving the whole molecule; (ii) l 2 (285-305 nm); e 2 (7840-10960) is due to the low energy n-p* transitions of the azomethine groups and (iii) l 3 (224-229 nm); e 3 (3200-11900) can be ascribed to the moderate energy p-p* transitions of both the aromatic and pyrimidine rings.
The IR spectra of the three ligands showed strong bands at 3472-3416 cm -1 and 3372-3310 cm -1 ascribed to n as and n s of the amino group, a strong band at 3287-3169 cm -1 belongs to n(NH) and medium bands at 1600-1570 cm -1 belong to n(C=N). In the case of the 2-OHAHP lgand, a medium broad band at 3578 cm -1 , ascribed to the phenolic n(OH), was also observed. This band disappeared in the case of the 2-OMeBHP ligand. The DHP ligand shows a strong band at 1651 cm -1 , which belongs to n(C=O).
Finally, the chemical shift (d ppm) data extracted from the 1 H-NMR spectra of the ligands (2-OHAHP and DHP) in DMSO-d 6 are summarized in Scheme 2. These data together with the data derived from the elemental analyses, IR, mass and electronic spectra confirmed the structure given for these ligands. 
RESULTS AND DISCUSSION

Potentiometric studies
Proton-ligand interaction and dissociation constants. Respesentative plots of the titraton curves of 3´10 -3 M ligands in the absence and presence of some metal ions at 303 K in 75 % dioxane-water are shown in Fig. 1 . The values of the dissociation constants of the free ligands, pK H s, and the stability constants of their metal complexes (Table II-VII) were determined as described previously, 8 DHP and 2-OMeBHP contain only one available proton which is weakly dissociated, while 2-OHAHP has two avalable protons; phe- 
Metal-ligand interaction and stability constants
Firstly, it has to be mentioned that only log K 1 was calculated for Mn 2+ and Fe 3+ complexes since the maximum n < 1.0. This is due to the precipitation before m (Fig. 1) .
It is evident from Fig. 1 that all ligands behave as monobasic species (HL) towards all metal ions with the exception of Cu 2+ -2-OHAHP (1:1 only) where two protons were replaced upon complexation. This is consistent with the two sharp inflections at m = 1 and m = 2 and could be represented by the following equilibria: 10 in his study of the complexation of Cu 2+ ion with dipeptides in aqueous media.
The formation of higher complex species than ML 2 was checked by the titration of (1:5) M:L ratio for some selected divalent metal ions. These titration curves show only a weak inflection at m = 1.0 and a sharp inflection at m = 2.0 corresponding to the stepwise formation of ML + and ML 2 as the highest formed species (Fig. 1) .
A number of attempts have been made to find general relatioships which predict the overall stability of a complex.
Hardness and softness. One of the most extensive is Pearson's classification into hard and soft ligands and metal ions. The most important generalization about the stability of complexes is then that soft ligand-soft metal ion and hard ligand-hard metal ion complexes are more stable, than mixed complexes such as hard metal ion-soft ligand or soft metal ion-hard ligand. Of significance is a comparison of the formation constant (log K 1 ) for some similar Schiff-base hydrazones containing the triazine moiety, 11 pyridazine moiety 12 and pyrimidine moiety (our study) under the same experimental conditions. Such a comparison is shown in Table VIII . Inspection of the data reveals that for the same metal ion, the order of stability is as follows; triazine > pyridazine > pyrimidine, which is consistent with increasing electron density on the heterocyclic ring. This provides strong evidence that the N-atom of the heterocyclic ring participates in chelation, 5, 11, 12 i.e., the reactivity of triazines > pyridazines > pyrimidines towards the same metal ion. In contrast, the softness and hardness of the different metal ions in solution towards a specific ligand are discussed later (Table IX) .
Effect of the basicity of the ligands. The complexation process, in most cases, means a competition between protons (H + ) and metal ions (M n+ ) for the free chelating speces (L -). Therefore, a higher correlation between the stability constants (log K) and the basicity of the ligands (pK H ) is to be expected. A plot of log K 1 for Mn 2+ 2+ -chelates) = -34.71 + 3.9 pK H ; r = 0.945 log K 1 (Th 4+ -chelates) = -4.51 + 1.37 pK H ; r = 0.995 In another attempt to gain further information about the dependence of the stability of the chelates on the basicity of the ligands, linear regression analysis of log K 1 for the above chelates vs. log K 1 for the other chelates was constructed and analyzed. The following relations were obtained in 75 % (v/v) ethanol-water medium at 298 K with a correlation coefficient (r) of ca. 1 and a slope amounting to unity:
log K 1 (2-OHAHP) = -0.79 + 0.98 log K 1 (2-OMeBHP); r = 0.912 log K 1 (2-OHAHP) = -1.24 + 1.08 log K 1 (DHP); r = 0.952 log K 1 (DHP) = 0.17 + 0.93 log K 1 (2-OMeBHP); r = 0.985 A slope of unity means both the metal-ligand and the proton-ligand interactions are similar. This confirms that the basicity of the ligands is the main factor governing the stability constants of the chelates for a series of closely related ligands (Scheme 1).
Effect of temperature.The dissociation constants of the ligands (pK H s) as well as the stability constants of their complexes with Mn 2+ , Fe 3+ , Co 2+ , Ni 2+ , Cu 2+ , Zn 2+ , Cd 2+ , UO 2 2+ and Th 4+ ions in 75 % (v/v) ethanol/water and dioxane/water have been evaluated at 283, 293, 303 and 313 K. The slope of the plot (pK H or log K vs. 1/T) was utilized to calculate the enthalpy change (DH) for the dissociation or complexation process, respectively. From the free energy change (DG) and the enthalpy change (DH), the entropy change (DS) can be calculated using the well-known relationships:
The data given in Tables II-VII reveal that higher temperatures favour the dissociation process which is non-spontaneous, endothermic and entropically unfavourable. In contrast, lower temperatures favour the complexation process which is spontaneous, exothermic and entropically favourable. Large positive values of DS of the complexation process indicate that the complex formation is entropically favourable and that the mechanism of complexation is based upon hydrogen ion (H + ) liberation and release of water. In general, the abnormal high positive values of DS for all the complex systems is consistent with the hypothesis that a large number of water molecules are released upon complexation. In order to decide quantitatively whether DS or DH is the driving force, the %(TDS/DG) has been calculated for Ni 2+ -complexes, as an example, as shown below, Hence, in 75 % dioxane-water, the entropy term provides about 43 %, 49 % and 47 % of the free energy change for the interaction of Ni 2+ ion with 2-OHAHP, 2-OMeBHP and DHP, respectively. In other words, the enthalpy term provides about 57 %, 51 % and 53 % of the free energy for the interaction of Ni 2+ with 2-OHAHP, 2-OMeBHP and DHP ligands, respectively, in 75 % dioxane-water. On the other hand, in 75 % ethanol-water, this entropy term provides about 78 %, 73 % and 84 % of the free enrgy for the above systems, respectively. This means that the enthalpy term provides about 22 %, 27 % and 16 % of the free energy for Ni 2+ -interaction with 2-OHAHP, 2-OMeBHP and DHP ligands, respectively, in 75 % ethanol-water. Thus, it could be concluded that the entropy term (DS) is the only driving force for all complexation reactions in the more polar media; 75 % ethanol-water. In contrast, both the enthalpy (DH) and the entropy (DS) terms are the driving forces for such complexation reactions in less polar media; 75 % dioxane-water.
Inspection of the data given in Tables II-VII reveals that DH has hgher negative values in 75 % dioxane-water than in 75 % ethanol-water, indicating that the bond strength from ligand to metal is stronger in 75 % dioxane-water than in 75 % ethanol-water. This is consistent with the fact that the strong coordinating ability of the solvents (e.g., 75 % ethanol-water) may retard the metal-ligand interaction.
In an attempt to evaluate the role of the dielectric constant of the medium on the thermodynamic parameters, especially on DH which is related to the bond strength, the comparison shown below is significant. Inspection of these data reveals that the ratio DH 1 in 75 % dioxane-water (D = 14.31) to that in 75 % ethanol-water (D = 36.77) lies in the range 2.00-3.39, which is consistent with the value 2.57 (D ethanol /D dioxane ). This indicates that the dielectric constant of the medium is the main factor governing the value of DH.
Electrostatic and non-electrostatic thermodynamic functions
The values of DG, DH and DS in 75 % ethanol-water were separated into their electrostatic (el) and non-electrostatic (non) or (cratic) components (Table IX) as described previously. 8 The electrostatic (el) or (environment) components represent long-range electrostatic forces depending on the environment and temperature; while the non-electrostatic SCHIFF-BASE HYDRAZONES COMPLEXATION (non) or (cratic) components represent short-range or quantum-mechanical forces; insensi
